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Summary
Objectives: Varusevalgus alignment of the knee is increasingly becoming recognised as an important biomechanical variable in patello-
femoral osteoarthritis (OA). The aim of this study was to determine the cross-sectional and longitudinal relationships between frontal plane
knee alignment and patella cartilage volume in people with knee OA.
Methods: Ninety-nine adults with symptomatic knee OA were recruited using a combined strategy including referral from specialist centres,
arthritis support groups and media advertising. Both baseline and follow-up X-rays and magnetic resonance imaging (MRI) were performed
2 years apart. Knee alignment and patella cartilage volume were determined from X-ray and MRI, respectively.
Results: Annual change in knee alignment was negatively associated with an annual change in the total patella cartilage volume before
(P¼ 0.002) and after (P¼ 0.003) adjustment for potential confounders over an average of a 1.9-year period. For every 1 change towards
valgus direction, there was a 23.4-mm3 [95% conﬁdence interval (CI) 8.1 mm3e38.7 mm3] annual reduction in the total patella cartilage
volume.
Conclusion: This study is the ﬁrst to clearly demonstrate and quantitate the annual reduction in patella cartilage volume that occurs as knee
alignment becomes increasingly valgus in an osteoarthritic cohort. Interventions that aim to minimise change towards valgus alignment may
reduce the risk for the onset and progression of patellofemoral OA.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Patellofemoral osteoarthritis (OA) is a common and dis-
abling condition1. In established OA, a reduction in cartilage
volume is often used to signify disease progression.
Despite this, there is a paucity of studies examining factors
that contribute towards change in cartilage volume at the
patellofemoral joint.
In the lower-limb, genu valgum increases the Q angle
(i.e., the angle formed by the intersection of the line of ap-
plication of the quadriceps force with the centre line of the
patellar tendon) and the subsequent force on the lateral
patellar facet. In contrast, genu varum decreases the Q an-
gle and increases the force on the medial patellar facet2,3.
Recently, a radiographic study demonstrated that medial
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851varus alignment, and lateral patellofemoral OA with valgus
alignment4. Baseline knee alignment has also been shown
to increase the odds for the progression of compartment-
speciﬁc radiographic patellofemoral OA5. However, radio-
graphic assessment of the joint space, which provides an
indirect measure of cartilage, is less sensitive than mag-
netic resonance imaging (MRI) when used to quantify
cartilage, given that MRI enables the direct visualisation
and delineation of articular cartilage. Hence, it is not sur-
prising that once the ﬁrst changes of radiographic OA are
detected, an average of 13% of cartilage volume has
already been lost when assessed by MRI6. Recently, an
MRI study examining a small number (n¼ 26) of people
with end-stage knee OA prior to total knee arthroplasty,
failed to show a signiﬁcant correlation between frontal
plane knee alignment measured as a continuous variable
from standing full-limb radiographs and patella cartilage
loss7. However, because of this previous study’s small
sample, there is a need to re-examine this with a larger
cohort with a wider range of disease.
The aim of this study was to determine the cross-
sectional and longitudinal relationship between knee align-
ment, measured by X-rays, and patella cartilage volume,
measured from MRI, in people with symptomatic knee OA.
852 A. J. Teichtahl et al.: Frontal plane knee alignmentMethodsSUBJECTSNinety-nine subjects with symptomatic knee OA were recruited using
a combined strategy including advertising through local newspapers and
the Victorian branch of the Arthritis Foundation of Australia as well as collab-
oration with General Practitioners, Specialist Rheumatologists and Ortho-
paedic Surgeons as described previously8. Although 132 subjects were
examined in the original study at the tibiofemoral (TF) joint8, in this study
where patella cartilage volume was the outcome of interest, only 99 subjects
had complete data available for patella cartilage and bone volumes, as well
as radiographs at two time-points. The study was approved by the ethics
committee of the Alfred Hospital, in Melbourne, Australia. All subjects gave
written informed consent.
Inclusion criteria were age over 40 years and symptomatica knee OA
classiﬁed by the American College of Rheumatology clinical and radio-
graphic criteria9. Subjects were excluded if any form of arthritis other
than OA was present, including evidence of chondrocalcinosis on plain
ﬁlms (n¼ 8), and subjects with a history of knee trauma requiring non-
weight bearing for 24 h or longer were also excluded (n¼ 11). Weight
and height were measured and body mass index (BMI) [weight/height2
(kg/m2)] was calculated.
Each subject had imaging (X-ray and MRI) performed on their symptom-
atic knee at baseline and at a mean of 1.9 (standard deviation (SD) 0.2)
years later. Where both knees had OA and were symptomatic, the knee
with less severe radiographic OA, as determined by the KellgreneLa-
wrence (KeL) score, was used.KNEE ALIGNMENTFig. 1. Drawing articular contours to determine particular cartilage
volume.Each subject had a weight-bearing anteroposterior radiograph taken in full
extension at baseline and follow-up using recommended protocol for assess-
ing radiological features of OA10. Radiographs imaged approximately 20 cm
either side of the TF joint line, and the anatomic axis angle was then mea-
sured in accordance with established protocol11e13 by a single observer.
Lines were drawn through the middle of the femoral shaft and through the
middle of the tibial shaft. The angle subtended at the point at which these
two lines met in the centre of the tibial spines was based on a modiﬁcation
of the method of Moreland that was recently validated as an alternative to
full-limb ﬁlms to predict the mechanical axis12,14e16. The angle was de-
scribed on a continuous scale, extending from 0 to 360. The lower the de-
gree, the more leaning towards varus the alignment: the higher the number,
the more leaning towards valgus the alignment. The intra-observer intra-
class correlation coefﬁcient (ICC) was 0.98.MRITable I
Characteristics of study subjects
Total (n¼ 99)
Gender (% female) 60
Age (years) 63 (10)
BMI (kg/m2) 28.9 (5.1)
Knee angle at baseline (()* 180.8 (5.8)Studies were performed on 1.5 T scan (Philips Medical System, Best, The
Netherlands) with a dedicated extremity coil. Knee images were acquired on
full extension, sagittal plane, T1-weighted fat suppressed 3D gradient recall
acquisition in steady state; ﬂip angle 55; repetition time 58 ms; echo time
12 ms; ﬁeld of view 16 cm; matrix 513 196; slice thickness 1.5 mm.
Patella cartilage and bone volumes were determined by image processing
using the Osiris software as previously described17. Contours were drawn
around the patella in images 1.5 mm apart (see Fig. 1). The assessor was
blinded to both the pairing and segmentation of the patellofemoral cartilage
volumes over the course of the study. The intra-observer coefﬁcients of var-
iation were 2.1% for patella cartilage volume and 2.2% for patella bone
volume17.Knee angle at follow-up (()* 181.0 (5.8)
Annual change in knee angle (()y 0.2 (2.0)
KeL grade (median and range) 2 (2)STATISTICAL ANALYSESLateral patellofemoral osteophyte score 2 (%) 37 (37.4%)
Lateral patellofemoral JSN score 2 (%) 9 (9.1%)
Skyline patellofemoral osteophyte score 2 (%) 36 (36.4%)
Skyline patellofemoral JSN score 2 (%) 36 (36.4%)
Patella cartilage volume at baseline (mm3) 3249 (1034)
Patella cartilage volume at follow-up (mm3) 2979 (977)
Annual change in patella cartilage volume (mm3)z 142 (157)
Patella bone volume at baseline (mL) 21.1 (4.8)
Values are reported as mean (SD) at baseline unless otherwise
stated.Absolute annual change in patella cartilage volume and knee alignment
was calculated by subtracting the follow-up cartilage volume or knee angle
from the baseline cartilage volume or knee angle, and then dividing by the
time between assessments [i.e., (baseline variable follow-up variable)/
time between scans]. The absolute change in each variable was then as-
sessed for and shown to conform to a normal distribution. Linear regression
analyses were performed, followed by multiple regression analyses, to
examine whether patella cartilage volume and change in patella cartilage
volume, as the dependent variables, were associated with malalignment
(and change in malalignment), adjusting for potential confounders. We fur-
ther adjusted for lateral or skyline patellofemoral osteophyte or joint space
narrowing score. P values of less than 0.05 were considered to beaAt least one pain dimension of WOMAC (Western Ontario and
McMaster University OA Index) score above 20 mm and osteo-
phytes present.statistically signiﬁcant. All analyses were performed using the SPSS statisti-
cal package (standard version 14.1.0, SPSS, Chicago, IL, USA).Results
Ninety-nine subjects (60% female) participated in this
study. Subject characteristics are shown in Table I. At base-
line, the frontal plane knee angle ranged from 168.8 to
197 with a mean of 180.8 (5.8), while at follow-up, the
range was 167.0e196.3 with a mean of 181.0 (5.8).
Over the 2 years, 47 (47%) subjects progressed towards*More positive angle means knee is directed towards valgus.
yMore positive annual change in knee angle means knee has
changed in a varus direction.
zMore positive annual change in patella cartilage volume means
cartilage reduction.
853Osteoarthritis and Cartilage Vol. 16, No. 7varus alignment, 50 (51%) progressed in a valgus direction
and 2 (2%) subjects did not change alignment.
The annual change in patella cartilage volume was neg-
atively associated with the annual change in knee angle,
prior to and after adjustment for age, gender, the BMI, base-
line patella bone and cartilage volume, baseline knee angle
and baseline KeL score (Table II). When we further ad-
justed for lateral or skyline patellofemoral osteophyte or joint
space narrowing score, the association between the annual
change in patella cartilage volume and the change in static
knee angle continued to remain signiﬁcant (data not
shown). The baseline knee angle was not signiﬁcantly as-
sociated with the baseline patella cartilage volume or the
annual change in patella cartilage volume prior to or after
adjustment for potential confounders (Table II).Discussion
This study is the ﬁrst to demonstrate that longitudinal
change in frontal plane knee alignment is associated with
an annual change in patella cartilage volume among osteo-
arthritic subjects. For every 1 in annual change towards
valgus knee alignment, there was an associated 23.4-
mm3 [95% conﬁdence interval (CI) 8.1 mm3e38.7 mm3]
annual reduction in patella cartilage volume among people
with knee OA.
Previously, baseline varusevalgus alignment, as mea-
sured by a dichotomous variable, was shown to inﬂuence
the radiographic progression of patellofemoral OA when
assessed by the skyline view at an 18-month follow-up5.
In particular, baseline genu varum was associated with
the progression of radiographic medial patellofemoral OA,
while genu valgum was associated with the progression
of lateral patellofemoral OA5. Nevertheless, longitudinal
quantitation of patellar cartilage loss from assessment of
joint space narrowing may be unreliable when assessed
by either the skyline or lateral radiographic views, since
these views may be affected by knee position, patellar tilt
and subluxation18,19. Moreover, indirect examination of
the radiographic joint space width as a surrogate for patel-
lofemoral cartilage has proven to be problematic, unless
joint space narrowing is very severe20. Nevertheless,
X-ray affords the opportunity to distinguish medial from lat-
eral patellofemoral compartments. Unlike X-ray assess-
ment, however, MRI affords direct visualisation of patella
cartilage. To our knowledge, only one previous study has
examined the association between knee varusevalgus
alignment, as a continuous variable, and patella cartilage
volume7. von Eisenhart-Rothe et al. found that there was
a weak correlation that did not reach statistical signiﬁcanceTable I
Association between knee angle a
Univariate analysis
Baseline knee angle (()
Total patella cartilage volume 23.1 (56.4,
Follow-up total patella cartilage volume 25.8 (58.2,
Annual change in total patella cartilage volume 0.3 (5.8, 5
Annual change in knee angle (()
Annual change in total patella cartilage volume 24.9 (40.2,
*Change in patella cartilage volume (mm3) per degree change toward
baseline patella bone volume (mL).
yChange in patella cartilage volume (mm3) per degree change towards v
patella bone volume (mL), baseline patella cartilage volume (mm3), basebetween knee alignment and total patella cartilage loss in
a smaller cross-sectional study (n¼ 26) that used MRI to
assess knee cartilage among people with knee OA, prior
to knee joint replacement7. In this larger study, we were
able to demonstrate a signiﬁcant association between an-
nual change in patella cartilage volume and annual change
in static knee alignment.
How change in knee angle is mechanistically related to
a change in patella cartilage volume is unclear. Valgus
angulation at the knee increases the Q angle and the sub-
sequent force on the lateral patellar facet2,3, and patellofe-
moral OA is more prevalent in the lateral, compared with
the medial patellofemoral compartment. It is speculated
that cartilage integrity is maintained by mechanical stimula-
tion. Furthermore, it has been postulated that when load
exceeds biological limits, cartilage integrity may be com-
promised21. Theoretically, change towards valgus align-
ment may cause excessive loading of the patellofemoral
joint, particularly in the larger lateral compartment. In a pre-
vious longitudinal study assessing outcomes after knee
arthroplasty, patellofemoral complications were associated
with a change towards valgus knee alignment post-
operatively22. Such evidence further supports an adverse
effect at the patellofemoral joint when knee alignment
becomes increasingly valgus. Further work is required to
validate frontal plane angle changes as a potential clinical
marker for the progression of patella cartilage loss and
patellofemoral OA.
This study was potentially limited by our method for as-
sessing knee alignment given that unlike von Eisenhart-
Rothe et al.7 we did not obtain full-limb ﬁlms. However,
our method for measuring anatomical axis has been vali-
dated as an alternative to full-limb ﬁlms to predict mechan-
ical axis12,14e16. Although we could have used a correction
factor to estimate neutral alignment15,16, this was not an
essential component of this study, since our intention
was to determine whether change in frontal plane knee
alignment (in either a varus or valgus direction) was asso-
ciated with a reduction in patella cartilage volume, without
exposing subjects to unnecessary ionising radiation. How-
ever, we did not examine frontal plane angle change in the
context of compartment-speciﬁc changes in patella carti-
lage volume. Whereas radiographic studies have been
able to demarcate medial and lateral patellar joint spaces,
they have been unable to directly determine reductions in
cartilage volume. The only other MRI study to have exam-
ined frontal plane knee alignment in relation to patella car-
tilage, did not discriminate between the medial and lateral
patella facets7. This is generally because articular contours
of the patella are irregular, and separating cartilage vol-
umes into medial and lateral compartments using MRI isI
nd patella cartilage volume
(95% CI) P Multivariate analysis (95% CI) P
10.3) 0.17 3.5 (24.6, 31.7)* 0.80
6.5) 0.12 2.8 (23.1, 28.6)* 0.83
.1) 0.90 0.7 (6.0, 4.5)y 0.79
9.6) 0.002 23.4 (38.7, 8.1)y 0.003
s valgus alignment after adjustment for age, gender, the BMI and
algus alignment after adjustment for age, gender, the BMI, baseline
line knee angle and baseline KeL score.
854 A. J. Teichtahl et al.: Frontal plane knee alignmenttechnically challenging and is yet to be proven as a valid or
reliable method for determining compartment-speciﬁc pa-
rameters at the patella. Future studies would however ben-
eﬁt from MR images that allow separate consideration of
medial and lateral patella compartments. Additionally, fur-
ther studies may beneﬁt from examining subjects with
varying severity of knee OA, ranging from the healthy state
to end-stage disease.
This study is the ﬁrst to have demonstrated that for every
1 in annual change towards valgus angulation, there is an
associated 23.4-mm3 annual reduction in patella cartilage
volume among people with knee OA. It is unclear whether
the change in alignment reﬂects a cause or effect of OA
progression. Interventions that aim to minimise change to-
wards valgus alignment may reduce the risk for the onset
and progression of patellofemoral OA.Conﬂict of interest
The authors of the aforementioned manuscript declare no
conﬂict of interest.Acknowledgements
This study was supported by the National Health and
Medical Research Council and the Colonial Foundation.
Dr Wluka is the recipient of an NHMRC Public Health
Fellowship. We would like to thank the study participants
who made this study possible.References
1. McAlindon TE, Snow S, Cooper C, Dieppe PA. Radiographic patterns of
osteoarthritis of the knee joint in the community: the importance of the
patellofemoral joint. Ann Rheum Dis 1992;51(7):844e9.
2. Hungerford DS, Barry M. Biomechanics of the patellofemoral joint. Clin
Orthop Relat Res 1979;144:9e15.
3. Huberti HH, Hayes WC. Patellofemoral contact pressures. The inﬂuence
of q-angle and tendofemoral contact. J Bone Joint Surg Am 1984;
66(5):715e24.
4. Elahi S, Cahue S, Felson DT, Engelman L, Sharma L. The association
between varusevalgus alignment and patellofemoral osteoarthritis.
Arthritis Rheum 2000;43(8):1874e80.
5. Cahue S, Dunlop D, Hayes K, Song J, Torres L, Sharma L.
Varusevalgus alignment in the progression of patellofemoral osteo-
arthritis. Arthritis Rheum 2004;50(7):2184e90.
6. Jones G, Ding C, Scott F, Glisson M, Cicuttini FM. Early radiographic
osteoarthritis is associated with substantial changes in cartilagevolume and tibial bone surface area in both males and females. Oste-
oarthritis Cartilage 2004;12:169e74.
7. von Eisenhart-Rothe R, Graichen H, Hudelmaier M, Vogl T, Sharma L,
Eckstein F. Femorotibial and patellar cartilage loss in patients prior
to total knee arthroplasty, heterogeneity, and correlation with align-
ment of the knee. Ann Rheum Dis 2006;65(1):69e73.
8. Wluka AE, Stuckey S, Snaddon J, Cicuttini FM. The determinants of
change in tibial cartilage volume in osteoarthritic knees. Arthritis
Rheum 2002;46(8):2065e72.
9. Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et al.
Development of criteria for the classiﬁcation and reporting of osteoar-
thritis. Classiﬁcation of osteoarthritis of the knee. Diagnostic and Ther-
apeutic Criteria Committee of the American Rheumatism Association.
Arthritis Rheum 1986;29(8):1039e49.
10. Altman R, Brandt K, Hochberg M, Moskowitz R, Bellamy N, Bloch DA,
et al. Design and conduct of clinical trials in patients with osteoarthri-
tis: recommendations from a task force of the Osteoarthritis Research
Society: results from a workshop. Osteoarthritis Cartilage 1996;4(4):
217e43.
11. Cicuttini FM, Wluka AE, Hankin J, Wang Y. A longitudinal study of the
effect of the knee angle on tibiofemoral cartilage volume in subjects
with knee osteoarthritis. Rheumatology 2004;43:321e4.
12. Felson DT, Nevitt MC, Zhang Y, Aliabadi P, Baumer B, Gale D, et al.
High prevalence of lateral knee osteoarthritis in Beijing Chinese com-
pared with Framingham Caucasian subjects. Arthritis Rheum 2002;
46(5):1217e22.
13. Moreland JR, Bassett LW, Hanker GJ. Radiographic analysis of the ax-
ial alignment of the lower extremity. J Bone Joint Surg Am 1987;69(5):
745e9.
14. Hinman RS, May RL, Crossley KM. Is there an alternative to the full-leg
radiograph for determining knee joint alignment in osteoarthritis?
Arthritis Rheum 2006;55(2):306e13.
15. Kraus VB, Vail TP, Worrell T, McDaniel G. A comparative assessment of
alignment angle of the knee by radiographic and physical examination
methods. Arthritis Rheum 2005;52(6):1730e5.
16. Issa SN, Dunlop D, Chang A, Song J, Prasad PV, Guermazi A, et al.
Full-limb and knee radiography assessments of varusevalgus align-
ment and their relationship to osteoarthritis disease features by mag-
netic resonance imaging. Arthritis Rheum 2007;57(3):398e406.
17. Teichtahl AJ, Jackson BD, Morris ME, Wluka AE, Baker R, Davis SR,
et al. Sagittal plane movement at the tibiofemoral joint inﬂuences
patellofemoral joint structure in healthy adult women. Osteoarthritis
Cartilage 2006;14(4):331e6.
18. Lanyon P, Jones A, Doherty M. Assessing progression of patellofemoral
osteoarthritis: a comparison between two radiographic methods. Ann
Rheum Dis 1996;55(12):875e9.
19. Cicuttini FM, Baker J, Hart DJ, Spector TD. Choosing the best method
for radiological assessment of patellofemoral osteoarthritis. Ann
Rheum Dis 1996;55(2):134e6.
20. Cicuttini FM, Wluka AE, Hankin J, Stuckey S. Comparison of patella
cartilage volume and radiography in the assessment of longitudinal
joint change at the patellofemoral joint. J Rheumatol 2004;31(7):
1369e72.
21. Arokoski JP, Jurvelin JS, Vaatainen U, Helminen HJ. Normal and path-
ological adaptations of articular cartilage to joint loading. Scand J Med
Sci Sports 2000;10(4):186e98.
22. Hsu RW, Tsai YH, Huang TJ, Chang JC. Hybrid total knee arthroplasty:
a 3- to 6-year outcome analysis. J Formos Med Assoc 1998;97(6):
410e5.
